Off-pump versus on-pump coronary artery bypass surgery: meta-analysis and metaregression of 13,524 patients from randomized trials Revista Brasileira de Cirurgia Cardiovascular/Brazilian Journal of Cardiovascular Surgery, vol. 27, núm. 4, octubre-diciembre, 2012, pp. 631-641 Sociedade Brasileira de Cirurgia Cardiovascular São José do Rio Preto, Brasil Abstract Background: Most recent published meta-analysis of randomized controlled trials (RCTs) showed that off-pump coronary artery bypass graft surgery (CABG) reduces incidence of stroke by 30% compared with on-pump CABG, but showed no difference in other outcomes. New RCTs were published, indicating need of new meta-analysis to investigate pooled results adding these further studies.
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Sá MPBO, et al. -Off-pump versus on-pump coronary artery bypass surgery: meta-analysis and meta-regression of 13,524 patients from randomized trials pump and on-pump CABG groups in RR for 30-day mortality or myocardial infarction, but there was difference about stroke in favor to off-pump CABG (RR 0.793, 95% CI 0.660-0.920, P=0.049). It was observed no important heterogeneity of effects about any outcome, but it was observed publication bias about outcome "stroke". Meta-regression did not demonstrate influence of female gender, number of grafts or age in outcomes.
Conclusion: Off-pump CABG reduces the incidence of post-operative stroke by 20.7% and has no substantial effect on mortality or myocardial infarction in comparison to onpump CABG. Patient gender, number of grafts performed and age do not seem to explain the effect of off-pump CABG on mortality, myocardial infarction or stroke, respectively. 
Descriptors

INTRODUCTION
Rationale
The most recent published meta-analysis examined randomized controlled trials (RCTs) comprising a total of 8,961 patients and showed that off-pump coronary artery bypass graft surgery (CABG) reduces the incidence of stroke by 30% compared with on-pump CABG, but showed no difference in 30-day mortality and myocardial infarction, which were not affected by age, gender or number of grafts [1] . After the publication of this meta-analysis [1] , two new RCTs were published -CORONARY [2] and On-Off Study [3] , which contributed over 4,752 and 411 patients, respectively. This represents a substantial increase of new patient data available in literature from RCTs as compared to what already exists, which indicates the need for execution of a new meta-analysis to investigate the pooled results adding these further studies.
Our meta-analysis attempts to determine if there is any real difference between off-pump and on-pump CABG in terms of outcomes.
Objectives
We performed a meta-analysis and meta-regression of RCTs to compare off-pump CABG versus on-pump CABG, according to Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [4] .
METHODS
Eligibility criteria
Using PICOS strategy, studies were considered if: (1) population comprised patients undergoing CABG; (2) compared outcomes between off-pump versus onpump CABG; (3) outcomes studied included 30-day mortality (all-cause), myocardial infarction or stroke; (4) were prospective randomized controlled trials. The exclusion criteria were: (1) concomitant surgical intervention other than CABG, (2) concomitant medical intervention in one but not both of the two groups, (3) zero events in both groups, so that they could not contribute to the pooled analysis for a specific outcome.
Information Sources
The following databases were used (until 
Search
We conducted the search using Medical Subject Heading (MeSH) terms ('coronary artery bypass, off-pump' OR 'off-pump coronary artery bypass' OR 'off pump coronary artery bypass' OR 'off-pump' OR 'coronary artery bypass, beating heart' OR 'beating heart cardiopulmonary bypass' OR 'cardiopulmonary bypass' OR 'cardiopulmonary bypasses' OR 'bypass, cardiopulmonary' OR 'bypasses, cardiopulmonary') AND ('randomized controlled trial' OR 'clinical trial' OR 'controlled clinical trials, randomized' OR 'clinical trials, randomized' OR 'trials, randomized clinical').
Study Selection
The following steps were done: (1) identification of titles of records through databases searching; (2) removal of duplicates; (3) screening and selection of abstracts; (4) assessment for eligibility through full-text articles; (5) final inclusion in study.
One reviewer followed the steps 1 to 3. Two independent reviewers followed step 4 and selected studies. Inclusion or exclusion of studies was decided unanimously. When there was disagreement, a third reviewer took the final decision.
Data Items
The endpoints were Risk Ratio (RR) for 30-day mortality (all-cause), myocardial infarction and stroke after off-pump versus on-pump CABG.
Data Collection Process
Two independent reviewers extracted the data. When there was disagreement about data, a third reviewer (the first author) checked the data and took the final decision about it. From each study, we extracted patient characteristics, study design, and outcomes (number of events and number of total groups).
Risk of Bias in Individual Studies
Included studies were assessed for the following characteristics: (1) sequence generation, (2) allocation concealment, (3) blinding, (4) incomplete outcome data, (5) selective outcome reporting, and (6) other sources of bias. Taking these characteristics into account, the papers were classified into A (low risk of bias), B (moderate risk of bias) or C (high risk of bias).
Two independent reviewers assessed risk of bias. Agreement between the two reviewers was assessed using kappa statistics for full text screening, and rating of relevance and risk of bias. When there was disagreement about risk of bias, a third reviewer (the first author) checked the data and took the final decision about it.
Summary Measures
The principal summary measures were RR's with 95% Confidence Interval (CI) and P values (considered statistically significant when <0.05). The meta-analysis was completed using the software Comprehensive MetaAnalysis version 2 (Biostat Inc., Englewood, New Jersey, USA).
Synthesis of Results
Forest plots were generated for graphical presentations for clinical outcomes and we performed the I2 test and Chi2 test for assessment of heterogeneity across the studies [5] . Each study was summarized by the RR for off-pump CABG compared to on-pump CABG. The RR's were combined across studies using weighted DerSimonianLaird random effects model [6] . The model was weighted by number of events in each study.
Risk of Bias Across Studies
To assess publication bias, a funnel plot was generated (for each outcome), being statistically assessed by Begg and Mazumdar's test [7] and Egger's test [8] .
Meta-regression Analysis
Meta-regression analyses were performed to determine
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Sá MPBO, et al. -Off-pump versus on-pump coronary artery bypass surgery: meta-analysis and meta-regression of 13,524 patients from randomized trials whether the effects of off-pump CABG were modulated by pre-specified factors. Meta-regression graphs describe the effect of off-pump CABG on the outcome (plotted as a log RR on the y-axis) as a function of a given factor (plotted as a mean or proportion of that factor on the x-axis). Metaregression coefficients show the estimated increase in log RR per unit increase in the covariate. Since log RR >0 corresponds to RR >1 and log RR <0 corresponds to RR<1, a negative coefficient would indicate that as a given factor increases, the RR decreases.
The pre-determined modulating factors to be examined were: sex (for mortality), number of bypass grafts (for myocardial infarction) and age (for stroke). Sex was represented as the proportion of females in the RCT. Number of bypass grafts was represented as the difference between the mean number of grafts (arterial and venous combined) performed in the off-pump CABG group minus the mean number of grafts performed in the on-pump CABG group in the RCT. Age was represented as the mean age of the patients participating in the RCT.
RESULTS
Study Selection
A total of 1110 citations were identified, of which 108 studies were potentially relevant and retrieved as full-text. Forty-seven [2,3,9-52] publications fulfilled our eligibility criteria. Interobserver reliability of study relevance was excellent (Kappa = 0.85). Agreement for decisions related to study validity was very good (Kappa = 0.81). The search strategy can be seen in Figure 1 .
Study Characteristics
Characteristics of each study are shown in Table  1 . A total of 13,524 patients were studied with 6,758 undergoing off-pump CABG and 6,766 undergoing onpump CABG, including the years 2000 to 2012. We observed that most studies consisted of patients whose mean age was around the sixth decade of life, mostly male and on-pump CABG presenting higher mean coronary bypasses. The overall internal validity was considered moderate risk of bias.
Synthesis of Results
The RR of the risk of 30-day mortality in the off-pump group compared with on-pump group in each study is reported in Figure 2 . There was no evidence for important heterogeneity of treatment effect among the studies for death. The overall RR (95% confidence interval) of 30-day mortality showed no statistical significant difference between off-pump CABG compared to on-pump CABG (random effect model: RR 0.938, 95% CI 0.731 to 1.203, P = 0.612).
The RR of the risk of myocardial infarction in the off-pump group compared with on-pump group in each study is reported in Figure 3 . There was no evidence for important heterogeneity of treatment effect among the studies for myocardial infarction. The overall RR (95% confidence interval) of myocardial infarction showed no statistical significant difference between off-pump CABG compared to on-pump CABG (random effect model: RR 0.904, 95% CI 0.773 to 1.057, P = 0.205).
The RR of the risk of stroke in the off-pump group compared with on-pump group in each study is reported in Figure 4 . There was no evidence for important heterogeneity of treatment effect among the studies for stroke. The overall RR (95% CI) of stroke showed statistical significant difference in favor to off-pump CABG compared to on-pump CABG (random effect model: RR 0.793, 95% CI 0.660 to 0.920, P = 0.049).
Risk of Bias Across Studies
Begg and Mazumdar's and Egger's tests did not reveal any evidence of publication bias, with the exception of stroke for which both tests were statistically significant ( Figure 5 ).
Meta-regression Analysis
Meta-regression coefficients were not statistically significant for death and proportion of females (coefficient -0.02, 95% CI -0.05 to 0.01, P = 0.103), myocardial infarction and graft differential (coefficient -0.59, 95% CI -0.63 to 1.81, P = 0.344), stroke and mean age (coefficient 0.00, 95% CI -0.06 to 0.06, P = 0.984) - Figure 6 . 
A -Low risk of bias; B -Moderate risk of bias; C -High risk of bias; NR -non reported Rev Bras Cir Cardiovasc 2012;27(4):631-41
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Fig. 2 -Risk ratio and conclusions plot of 30-day mortality associated with off-pump versus on-pump CABG
Fig. 3 -Risk ratio and conclusions plot of myocardial infarction associated with off-pump versus on-pump CABG
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DISCUSSION
Summary of Evidence
The results of this meta-analysis demonstrate that there was statistical significant difference in favor to off-pump CABG compared to on-pump CABG in RR for stroke and no difference about death or myocardial infarction, being the summary measures free from the influence of heterogeneity of the effects. Only the outcome "stroke" was under the influence of publication bias. Metaregression did not demonstrate any influence of female gender, number of grafts performed and age on mortality, myocardial infarction or stroke, respectively.
Considerations about this Meta-Analysis
To our knowledge, this is the largest meta-analysis of RCTs performed to date, providing incremental value by demonstrating that off-pump CABG reduces the incidence of post-operative stroke compared with on-pump CABG. Furthermore, this analysis confirms that off-pump CABG does not significantly reduce the incidence of shortterm all-cause mortality and post-operative myocardial infarction. The potential benefits of off-pump CABG on these outcomes do not appear to be determined by patient gender, number of grafts performed or age.
The effect of off-pump CABG on stroke has been a polemical topic, with most reports showing no beneficial effect [53] [54] [55] . The two largest trials to date -CORONARY [2] with 4,752 patients and ROOBY [12] with 2,143 patients -showed no effect or trend for reduction in stroke. The most recent trial published -On-Off Study with 411 patients -also did not show any benefit on incidence of stroke. Afilalo et al. [1] emphasize that it would take more than 10,000 patients in a trial to obtain a probabilistic sample and detect statistically significant differences regarding the outcome "stroke", which explains why no trial to date has been able to demonstrate substantial differences between the groups regarding this outcome. Something that could explain the lower incidence of stroke in off-pump CABG is less manipulation of the aorta in comparison to on-pump CABG. El Zayat et al. [56] demonstrated in a RCT the importance of avoiding clamp during off-pump CABG using clampless facilitating devices to reduce cerebral embolic events, which proves that the less manipulation of the aorta decreases the incidence of stroke.
According to some authors [57, 58] , female and elderly patients are thought to face higher risks associated with onpump CABG and therefore benefit more from off-pump CABG. The meta-regression analysis in this study refutes these hypotheses that differences in study population are responsible for the treatment effects observed across trials.
Although other meta-analyses have been published on this field, this analysis is important for some reasons.
The pooled sample size was 66% larger than the largest previous published meta-analysis [1] . Our larger sample size translated into greater statistical power and precision, reducing the amount of uncertainty surrounding treatment effects. Two recently published trials -CORONARY [2] and On-Off Study [3] -had not been included in the largest prior meta-analysis and were included in this analysis (published in 2012 and contributed 5,163 out of the 13,524 patients). Our meta-analysis summarized the results of best studies in medical literature regarding hard outcomes, strengthening the concept of off-pump CABG. Furthermore, the metaregression enhances consistency of pooled results.
Risk of Bias and Limitations
This meta-analysis did not included data from nonrandomized and/or observational studies, which reflects the "real world", but they are limited by treatment bias, confounders, and a tendency to overestimate treatment effects. Patient selection alters outcome and thus makes nonrandomized studies obviously less robust.
Although it was not observed statistical heterogeneity between trials, the differences in terms of operative technique and volume may have led to an influence of clinical heterogeneity not capable of perception by metaanalysis. Other factors not taken into consideration, for not being reported in trials and that may influence results, are the level of manipulation of the aorta and the level of atheromatosis of the aortic wall, which favors embolic cerebrovascular events during partial clamping.
There are inherent limitations with meta-analyses, including the use of cumulative data from summary estimates. Patient data were gathered from published data, not from individual patient follow-up. Access to individual patient data would have enabled us to conduct further subgroup analysis and propensity analysis to account for differences between the treatment groups.
CONCLUSIONS
Off-pump CABG reduces the incidence of post-operative stroke by 20.7% and has no substantial effect on mortality or myocardial infarction in comparison to on-pump CABG. Patient gender, number of grafts performed and age do not appear to explain the effect of off-pump CABG on mortality, myocardial infarction or stroke, respectively.
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